Background Although the health-related quality of life (HRQL) for patients who are obese seems to improve after TKA, the magnitude of improvement and the associated factors remain controversial. We previously found body mass index was not associated with changes in HRQL after TKA. Questions/purposes The purposes of this secondary analysis were to determine which patient characteristics and surgical factors were associated with worse health status after TKA in patients who are severe or morbidly obese. Methods We assessed 60 patients (53 females; mean age, 70 years) 12 months after surgery. The mean number of comorbidities was 2.5. Mean lower limb anthropometric index scores were: suprapatellar, 1.6; infrapatellar, 2; and suprapatellar/infrapatellar, 1.2. Intraoperative difficulty (IOD) was Grade 0, 40%; Grade 1, 48%; and Grade 2, 12%. Ten patients (17%) had complications. We measured HRQL using the disease-specific WOMAC questionnaire. Patient characteristics (sociodemographic variables, BMI, comorbidity, lower limb anthropometry) and surgical factors (IOD, complications, postoperative medical data) were collected. Associations between WOMAC dimension scores at 12 months and patient characteristics and surgical factors were analyzed using linear regression models. Results Factors associated with worse WOMAC dimension scores in patients who were obese included the number of comorbidities, an infrapatellar index percentile less than 75, IOD Grade 2, and the number of complications after discharge. Conclusions For patients with knee osteoarthritis who were severe or morbidly obese, various lower limb anthropometric features, degree of IOD, and postoperative complications negatively influenced postoperative WOMAC scores.
Introduction
As in other developed countries, increasing life expectancy in Spain has led to an increase in osteoarthritis (OA) [26] . At the same time, the incidence of obesity has increased [33] , leading to greater morbidity. One study suggested a link between knee OA and obesity [19] , which is reflected by the increased number of TKAs in individuals who are obese [6] . TKA can improve the HRQL of patients with knee OA, reducing pain and increasing functional capacity when conservative treatment fails [19] . Some suggest the greatest improvements in pain and function occur during the first 3 to 6 months after surgery [4, 14] . However, patient characteristics and surgical factors are important determinants of outcomes in TKA. Studies show that many factors are associated with HRQL after TKA but that not all are identified, none is decisive in itself, and controversy remains regarding their impact [10] .
Some studies of TKA in patients who are severe and morbidly obese have concentrated on aspects such as surgical complications and mechanical failure [6, 9, 10, 13, 28] . Few short-or long-term studies have focused on health outcomes or HRQL and those that have are methodologically heterogeneous [6, 9, 10, 13, 27, 28] .
In previous studies, attempts were made to standardize protocols and define variables according to their possible influence on TKA outcomes [24, 25] . Additionally, the patient's perspective was incorporated in the evaluation of outcomes using HRQL measures [23, 24] . Disease-specific instruments focus on issues related to a particular health condition and can be used in therapeutic management [22] . In knee OA, the disease-specific WOMAC (LK 3.0) questionnaire is used for assessing functional outcomes in TKA [1] and often is used after total joint replacement to measure impairment, activity limitations, and participation restrictions [14] . Some studies suggest that condition-or limbspecific instruments are more sensitive to change [5, 14, 29] .
In a case-control study (Núñez M, Lozano L, Núñez E, Sastre S, Luis Del Val J, Suso S. Good quality of life in severely obese total knee replacement patients: a case control study. Obes Surg. 2010. Submitted.), we found body mass index (BMI) did not influence HRQL (measured using the WOMAC) 12 months after TKA. HRQL improved substantially in the study group of 60 patients with a BMI of 35 or greater and in the control group of 60 patients with a BMI less than 35. Patients who were severe and morbidly obese and those who were not obese had similar change scores and TKA outcomes in terms of HRQL at 12 months after TKA. Patients who were obese had more intraoperative difficulties and more severe postoperative complications. We presumed identifying factors associated with worse outcomes in that original study group of patients who were severe or morbidly obese could help to identify patients requiring additional preoperative measures or a different surgical approach.
The purpose of this secondary analysis therefore was to determine which patient characteristics and surgical factors were associated with changes in HRQL after TKA in patients who were severe and morbidly obese.
Patients and Methods
We retrospectively reviewed 68 patients with knee OA (according to Kellgren and Lawrence criteria [16] ) and severe or morbid obesity (Class II BMI C 35 and Class III BMI C 40, respectively [19] ) admitted for TKA between January 2006 and February 2007. We excluded patients with the following: functional illiteracy, inflammatory or other severe musculoskeletal conditions (eg, rheumatoid arthritis, sciatica), metabolic or neoplastic disease, and severe psychopathology or comorbidity (defined as a diagnosis, such as heart failure or respiratory disease severe enough to impede total participation in procedures). Using these criteria we excluded five patients (one with rheumatoid arthritis, two with neoplasia, one with severe heart failure, and one with renal failure with hemodialysis). Accepting an alpha risk of 0.05 and a beta risk of 0.20 in a bilateral contrast, 55 patients were needed to detect a difference of less than 10 points between mean preoperative and postoperative WOMAC scores [3] , which we judged a clinically important difference [1, 27] . We assumed a standard deviation of 25. The sample was overestimated by 10% to allow for possible losses. Of the 63 patients recruited, three were lost to followup (one refused to attend hospital appointments and two could not be contacted). The remaining 60 patients completed the followup and were included in the final analysis. There were 53 women with a mean age of 70.2 years (± 6.7 years) ( Table 1 ). The mean number of comorbidities was 2.5 (± 1.5). All patients were followed for 1 year. The study was approved by the hospital ethics committee and complied with current norms concerning data confidentiality. All patients gave written informed consent to participate in the study.
Preoperatively we determined the lower limb suprapatellar, infrapatellar, and suprapatellar/infrapatellar indices [17] . Briefly, the suprapatellar circumference (measured at 4 cm proximal to the superior pole of the patella), infrapatellar circumference (measured at the anterior tibial tuberosity), and the length of the limb to be treated surgically (measured from the anterosuperior iliac crest to the center of the anterior face of the ankle) were determined. The same flexible, inelastic tape measure, calibrated in centimeters, was used for all measurements. The anthropometric indices calculated were the length of the limb/suprapatellar circumference ratio (suprapatellar index), length of the limb/infrapatellar circumference ratio (infrapatellar index), and the suprapatellar circumference/ infrapatellar circumference ratio (suprapatellar/infrapatellar index). The mean scores were: suprapatellar, 1.6 (± 0.2); infrapatellar, 2 (± 0.2); and suprapatellar/infrapatellar, 1.2 (± 0.1). Six patients (10%) had deformities of two axes (varus, valgus) greater than 15°. All surgeries were performed by the same surgeon (LL). The surgical technique was the same in all cases: an anteromedial approach without patellar resurfacing using a femoral and tibial intramedullary cutting guide. The femoral and tibial components were cemented. A standard (nonconstrained) prosthesis (Profix; Smith & Nephew Inc, Memphis, TN, USA) [31] was used in all patients.
Given the lack of standardized variables to determine the degree of IOD, we designed a multi-item questionnaire [22, 23] to identify possible surgical problems and degree of IOD presumed by the presence of more than one variable of surgical difficulty in the same operation. The six items were chosen for their relevance and use in other studies. Five senior orthopaedic surgeons (MN, LL, EN, JS, SS) evaluated all questionnaire items on an index of 1 to 5 for clarity, relevance, and importance. All items were scored at 4 or greater and no modifications were deemed necessary. The six variables of surgical difficulty selected were: (1) an approach requiring osteotomy of the tibial tuberosity, (2) bone defects requiring bone substitutes (staples, cement, prosthetic supplements), (3) severe intraoperative alteration of patellar tracking, (4) deformity of two axes (varus, valgus) greater than 15°, use of new techniques (minimally invasive surgery [MIS] or navigated surgery), (5) senior surgeon versus junior surgeon, and (6) surgical time longer than 105 minutes if any previous variables were present. The degree of IOD was defined as the number of the six variables present: 0 = no difficulty (ie, none of the above variables present), 1 = slight difficulty (1-2 problems during the intervention), 2 = medium difficulty (3-4 problems), and 3 = substantial difficulty ([ 4 problems). The degrees of IOD were Grade 0, 40%; Grade 1, 48%; and Grade 2, 12%. Patients with Grade 1 required lateral release to balance patellar tracking or lateral and medial release for soft tissue balancing to correct central varus or valgus deviation greater than 15°. Patients with Grade 2 required lateral release in addition to lateral or medial soft tissue balancing to correct central varus or valgus deviation greater than 15°with a surgical time greater than 105 minutes. The mean hospital stay was 6.3 days (± 2.2 days). At discharge, patients received a booklet with advice regarding care of the wound and possible signs of complications.
Patients were hospitalized for 1 week, during which time they received physiotherapy to achieve flexion of 90°a nd autonomous walking using canes at discharge. Home rehabilitation lasted for 1 month. TKA, rehabilitation, and other treatments were standardized according to hospital protocols. Patients were treated with low molecular weight heparin as prophylaxis for thromboembolic events for 1 month and two doses of cefuroxime, 1.5 g, were administered as antibiotic prophylaxis.
Patients were seen 15 days after surgery to check the surgical wound and remove stitches. A followup at 3 months included radiography, including telemetry with lower limb loading, and a clinical evaluation. Additional clinical evaluations were obtained at 6 and 12 months.
Self-reported health status was measured by the Spanish version of the WOMAC questionnaire [1, 3] , which contains three dimensions: pain, stiffness, and function. A total score combining the three dimensions may be used. WOMAC dimension scores were assessed at baseline and 12 months after surgery. All WOMAC data were normalized to a 0 to 100 scale (best to worst) for each WOMAC dimension [1, 3] . The number and type of major complications evaluated after discharge included: deformity of the lower limb, dislocation of TKA (femorotibial, femoropatellar), infection, pain, septic or aseptic loosening (patellar, tibial, femoral), extensor muscle failure, deep vein thrombosis, and others [20, 32] .
One observer (JMS) evaluated alignment on long-leg coronal standing radiographs of the lower limb (varusvalgus ± 3°by goniometer). A descriptive analysis was made using univariable frequency tabulation for categorical variables, or mean values and standard deviation for continuous variables.
Differences between mean scores at baseline and 12 months in the WOMAC pain, stiffness, and function dimensions were evaluated using the Wilcoxon matched pairs signed ranks test. The effect size was calculated for the different outcome measures using the formula: effect size = mean change/standard deviation of preoperative results. The effect size is a standardized measure that provides information regarding the magnitude of change before and after TKA. An effect size of 0.8 or greater is considered large.
The postoperative influence of patient characteristics and surgical factors on HRQL was evaluated using an explanatory multiple linear regression model in which the dependant variable was WOMAC dimension scores at 12 months followup, and included independent variables that were significant in the univariable analysis; the infrapatellar index (coded as: 0 = \ 75%, and 1 = C 75%) and the IOD (coded as: 0 = Grades 0 and 1, and 1 = Grade 2) were dichotomized previously. The selection criterion for inclusion of variables in the multivariable model was forward-stepwise with an entry criterion of p \ 0.05 and an exit criterion of p [ 0.10. The 95% confidence intervals were measured when appropriate. The statistical analysis was performed using SPSS v16.0 for Windows program (SPSS Inc, Chicago, IL, USA).
Results
We observed improvements (p \ 0.001) in the pain, stiffness, and functional WOMAC dimension scores at 12 months followup compared with baseline. WOMAC dimension scores, change scores, and effect size at baseline and after 12 months were compared ( Fig. 1) .
With respect to patient characteristics, the number of comorbidities was associated with higher (p = 0.012) scores in the WOMAC function dimension. An infrapatellar index percentile less than 75 was associated with higher scores in the WOMAC pain and function dimensions (p = 0.021 and 0.023, respectively) ( Table 2) .
With respect to surgical factors, Grade 2 IOD was associated with (p = 0.021) the WOMAC pain dimension. At 12 months followup, 10 patients (16.7%) had major complications including tibial loosening (two patients), superficial infection (one patient), distal wound dehiscence (one patient), deep infection (three patients), reintervention for anterior knee pain (one patient), and reintervention for arthrolysis attributable to stiffness (two patients). The number of complications after discharge was associated with higher (p B 0.002) scores in all WOMAC dimensions.
The variables retained in each of the models explain between 18.5% and 36.9% (R2 adjusted) of the variability in each of the WOMAC dimensions (Table 2) . Thirtyseven percent of the variability in the WOMAC pain dimension was explained by the infrapatellar index, IOD, and the number of complications after discharge. Likewise, 31% of the variability in the WOMAC function dimension was explained by the number of comorbidities, the infrapatellar index, and the number of complications.
Discussion
Given the increasing number of patients who are severe and morbidly obese who are undergoing TKA, we tried to identify some of the factors that could lead to worse outcomes in these patients using HRQL as a surrogate outcome measure to evaluate the success of surgery from the patient's perspective. In a related case control study we found BMI was not associated with worse WOMAC total scores 12 months after TKA, although the effect size was lower in the study group (1.9 versus 2.2 in the WOMAC pain and function dimensions). Patients in the study group also had more intraoperative difficulties and more severe postoperative complications. Complications after discharge were associated with worse WOMAC total scores (B 26.09 in the study group and B 13.80 in the control group). Therefore, we asked which patient characteristics and surgical factors influenced the health status 12 months after TKA, to identify patients who might benefit from preoperative measures designed to improve outcomes.
We acknowledge limitations in our study. First, our data arise from one tertiary reference center and the findings may reflect only this particular group of patients and may not be generalizable to other areas or countries. Second, although the low proportion of male subjects included meant that gender differences could not be interpreted, this is typical of this kind of study and type of patient and we believe it did not affect the results [18] . Third, we did not study the influence of each comorbidity separately. Finally, we did not measure other factors such as range of movement at 12 months or the effect of possible component malposition. As our aim was to report the patient's perspective of their TKA, we do not believe these factors would have changed our observations. In addition, in previous studies [8, 10, 20] of patients who were obese we found that malpositioning was not a problem, as we used a tibial endomedullary or extramedullary guide in the frontal and sagittal planes that ensures correct alignment in both planes using either type of guide.
We found comorbidities and lower limb anthropometric features were independently associated with worse postoperative WOMAC scores at 12 months. Other studies have reported an independent negative effect of comorbidities on function [7, 15, 23] , suggesting that treatment and active control should be considered. Patients with severe and morbid obesity reportedly have more associated comorbidities and longitudinal studies provide evidence of a relationship between comorbidity and functional limitations [2, 20, 21] . Jones et al. reported comorbidity was associated with poorer short-term functional results in patients undergoing TKA [13] . Fisher et al. evaluated the influence of patient-specific factors on TKA outcomes using the Knee Society Score and found that diabetes mellitus, respiratory disease, and depression (among the most frequent comorbidities in our patients) were associated with poor results after TKA [7] .
In a previous study [17] , we found that although a suprapatellar index less than 1.6 predicts more difficult surgery, an infrapatellar index less than 1.75 predicts worse WOMAC functional and pain domain scores at 12 months, and an infrapatellar index percentile less than 75 indicated a knee with more difficulties in prosthesis implantation, regardless of the BMI, although patients with a BMI greater than 35 had greater surgical difficulties. Therefore we chose to use the infrapatellar index [17] in the current study. We found that an infrapatellar index less than 75% was associated with worse pain and function.
The degree of IOD and complications after discharge negatively influenced WOMAC dimension scores. Greater IOD (Grade 2) was associated with more pain at 12 months. Several studies suggest obesity complicates the technical aspects of surgery [10, 17, 27] . Patients who are severe or morbidly obese who are undergoing TKA have more IOD, leading to poorer results [8, 20, 25, 32] . This suggests that our IOD index, which we have used in previous studies [22, 23] , may be useful in estimating the short-term influence of intraoperative difficulties on TKA outcomes, and may be considered an indirect instrument for quality control of the surgical procedure. We currently are validating this index in various patient groups with the objective of standardizing methods.
We found the percentages of major complications after TKA were similar to the numbers reported in other studies [10, 20, 25, 32] . Patients who are obese who are undergoing TKA have more postoperative complications and worse results, including worse functional scores. Gillespie and Porteous found that heavier patients are at greater risk of having complications and there is a well-established increased risk of complications [10] . However, other studies have had contrasting results [11, 12, 30] , with a low frequency of complications in patients who are obese. Additionally, reports emphasize that, as in our study, complications are defined by each study, and the exact nature of the complication often cannot be determined adequately, making comparisons difficult [15, 28] . As suggested in previous studies, homogenous criteria should be developed to measure TKA outcomes and make more accurate comparisons between series possible [27, 28] .
In practical terms, our observations suggest that, in addition to the BMI, the anthropometric index of the knee can help identify patients requiring a different surgical approach designed to minimize complications. This might include the use of special prosthetic models with supplementary tibial components to avoid early loosening, more surgical staff during the operation, tapered (conical) lower leg tourniquets, and additional supports in the surgical table to support the patient's weight and to fasten the knee. We believe the surgical technique should ensure accurate placement of the implant using a tibial endomedullary guide, and correct equilibrium of extensor mechanism of the knee to achieve good patellar tracking and thereby prevent postoperative anterior knee pain. Likewise, evaluation of comorbidities can identify patients requiring greater preoperative control to reduce surgical risks. Finally, informed consent for surgery should include information regarding the possible difficulties that surgery may entail for a patient who is obese.
